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Chapter 1: 
Introduction 
Introducing Organic Semiconductors 

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Applications of Organic Semiconductors 
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Organic Photovoltaics (OPV) 
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Organic Thin-Film Transistors (OTFTs) 


Basic Properties of Polymers 
𝑀𝑛 =
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𝑁𝑖 is the number of polymer chains with mass 𝑀𝑖
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𝑋𝑛is the number average degree of polymerisation 
𝑟 is the stoichiometric ratio of reactants 
𝑝 is the extent of reaction
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Polythiophene Design and Modification 
Alkyl chain spacing: 
Fused ring systems: 
Fluorination:
  
Off-chain rings: 
 
Donor-acceptor copolymers: 
Polyselenophenes 
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 
 
 
Chapter 2: 
Investigating the Polymerisation of PBTTT 
Introduction 
Cross-coupling methods for conjugated polymer synthesis 



Stille Polymerisation 
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 
 
PBTTT 
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Results and Discussion 
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Chapter 3: 
Systematic Study of the effects of 
Selenophene Incorporation Into Conjugated 
Polymer Backbones 
Introduction 
Poly(3-hexylselenophene) (P3HS) 
Other Polyselenophenes  
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Objectives 
Results and Discussion 
Poly(terthiophene) Based Polymers 
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OTFT Performance 
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Systematic Selenophene Incorporation into Other Polymer Systems 
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Chapter 4: 
Low Band Gap Donor-Acceptor Copolymers 
Incorporating Selenophene 
Introduction 
The DPP Acceptor Unit 
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Synthesis of DPP 

Results and Discussion 



Properties of the polymer 
Physical properties 
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Synthesis of Fused Selenophene Moieties 
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Fused Thiophene Systems 
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Dithienothiophene (DTT) 
’ ’
Cyclopentadithiophene and Other Group 14 Bridging Atom Analogues 
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Objectives 
 
 
Results and Discussion 
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Attempted Bridging by Lithiation 
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A Series of Fused 3-Ring Systems With Varying Proportions of 
Selenophene 

Optical Properties 
250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
 A
b
s
o
rp
ti
o
n
Wavelength (nm)
 DTT
 DTS
 DST
 DSS
 
 
 
ε
0 20 40 60 80 100
290
295
300
305
310
315
0.0030 0.0035 0.0040 0.0045 0.0050 0.0055
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6

m
a
x
 /
n
m
% Se
(b)
M
a
x
im
u
m
 A
b
s
o
rp
ti
o
n
Inverse of Molar Mass
(a)

DTT DTS DST DSS
3.8
3.9
4.0
4.1
4.2
4.3
4.4
T
ra
n
s
it
io
n
 E
n
e
rg
y
 (
e
V
)
 Main peak energy
 Calculated energy of lowest singlet transition
 
 
 
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 R
e
la
ti
v
e
 P
L
 I
n
te
n
s
it
y
 (
n
o
rm
a
lis
e
d
 t
o
 D
T
T
 m
a
x
im
u
m
)
Wavelength (nm)
 DTT
 DTS
 DST
 DSS
0.003 0.004 0.005
0
20
40
60
80
100
120
140
160
180
P
L
 M
a
x
 I
n
te
n
s
it
y
Inverse Molar Mass
DTT

Conclusions 

Chapter 6: 
Experimental 
Instrumental Methods 
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